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Remove barriers from participation of Electric

Storage Resources (ESRs) in markets

_ Set requirements for participation model but allow
RTO/ISO flexibility
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i Ensure ESRs pay wholesale Locational Marginal
i Price (LMP) for charging Energy -
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Ensure eligibility
Into market if
technically
capable

Account for

physical and

operational
characteristics
through bidding

PARTICIFP

dispatchable
MSRs can set

Adopt minimum
size requirement
for participation
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TYPES OF
ENERGY STORAGE



ENERGY STORAGE

Electricity storage

Mechanical energy Chemical energy Electrical energy

. J Capacitors
Potential energy J Batteries
Jd Hydrogen - SMES
d Pumped hydro yarog (Superconducting

O Compressed air d Synthetic methane magnetic
energy storage)

Kinetic energy O (Fossil energy carriers)

d Fly wheels < (Biomass)




WHY NOW?
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LI-ION PROJECT COST Most Cost
Competitive

LITHIUM-ION BAT TERY PACK PRICES: HISTORICAL AND FORECASTED

BNEF Stationary Li-ion Navigant Large Format Lidon (Ceoll costs converted to pack costs Morgan Stanley Report Tesla Battery Pack Price
ElA - EV-200 Livion s Avetage Projection (Data used in report analysis) X Boston Consulting Group (High end)
X BNEF Observed EV Battery GTM Research X Boston Consulting Group (Low end)

Pack Price Index

$2,500

Tesla Energy
10 kWh Home Battery
$350/kWh

7-year acceleration
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Source: http://www.fusibilities.com/tag/Market-vehicles/



. = In-Front-of-the-Meter Use Case

CASE OVERVIEW < ehind.tne-Meter Use Case
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Foster Performcmce
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BENEFITS OF BATTERIES



HOW?

Market Overview—Applications of Energy Storage in
Electricity Value Chain

Electricity
Value chain

| Renewable |
Integration

I
[ 5.

TRANSMISSION & DISTRIBUTION

v Electric Energy v'Voltage Support
Time Shift v Transmission Congestion Relief
offered by v'Renewable v T&D Upgrade deferral
Energy Integration v'Sub-station onsite power
Storage v'Ancillary v'Micro or Remote Grid

services”

D applications

v'Time of use-Energy cost
management

v'Power Quality

v'Power Reliability

Applications




OPPORTUNITIES FOR

Real-Time LMP Volatility
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LMP Volatilit

— LMP

Example of LMPs Over a 1 Month Period
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WIND CURTAILMENTS BY MONTH

Wind Curtailments in RTBM

B Curtailed and Uneconomic for Energy (Energy Prices are driving these curtailments)

M Curtailed and Economic for Energy (Congestion & Losses are driving these curtailments)
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Phase Shifter and two 345kV lines added in 2017 that are now alleviating wind curtailments in Western Oklahoma




SPP AND ENERGY
STORAGE



How many Electric Storage
Resources does SPP have in its

footprint?

17



Wyoming

New

- South Dakota

' SPP S SYSTEM

Nebraska " =
Two (20 MW)
battery projects
Several Battery/
Solar Applications

Missouri
1 Pumped Storage Facility IHULEL : /?
| Oklahoma M 1_
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WHAT DO

=S TH

More requests

in Gl Queue

Freq. Reg. and
Energy Shifting

- FUTUR

Solar and

Battery Pairing

- LOOK LIK

Wind and

Decreased
Battery Prices

Battery Pairing

Increasing
Growth




MARKET DESIGN
OVERVIEW

Market Storage Resource (MSR)



MARKET STORAGE RESOURCE (MSR)

P ==

Excluded: |
1. Physically incapable of injecting back into grid
2. Contractually barred from injecting back into grid

...storing it for

later injection
back to the grid

ource:
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MSR PARTICIPATION

Do ESRs have to participate
In the MSR model?

- Only used by ESRs but not mandatory Fe %

- May continue to use Gen and Load pair ff,‘
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TWO MARKET COMMITMENT PATHS

PATH 1: MSR with 0
Min. Charge/Discharge
Limit and Time

: All other MSRs




PATH 1 —-MSRs WITH Z

[ Submit "Self" | A

RO LIMIT | TIM

Dispatched for

or "Market” Dispatched charging and
Commitment in either clear Reg. Up

Status

Committable in
both directions

direction above 0

Dispatched for
discharging and clear

Reg. Down below 0



PATH 2 — ALL OTHER MSRS

“Self" or “Market" |
(Charge)
: Only committed
Max. (_Dl'.sc.horge) and dispatched in
Limit: O

direction offered

~

« Specify commit direction
with “Self” or "Market”

« Zeroing out Max Dispatched and clear
Charge/Discharge Limit Operating Reserve within
In opposite direction range of offered direction



STATE OF CHARGE (5SOC)
To Self-Manage SOC:
- "Self" into Market

- Specify self dispatch range

s . N | : through Max and Min limit
H - Self schedule needs to be
- : communicated to SPP through

normal RUC process

- If in Self-Managed SOC not
directed by SPP, transmission
charges will apply
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Locational Marginal

Price (LMP)

J

N (O

Market Clearing

Price (MCP)

N (O

Negative Generation

(¥
P

Metering

J
J
J

e Settled on LMP for Energy
withdrawal/injection

e Settled on MCP for Operating Reserve
products cleared

e Settlements calculations are updated in the
Revision Request for negative generation

e Each MSR must have its own set up



TIMELIN

Dec. 3, 2018 Dec. 3, 2019
Required FERC Required
Filing Implementation

3Q-4Q 2019
Member Testing



WHAT QUESTIONS
DO YOU HAVE?

31



